The magnetic structure of Class~0 protostars by Galametz, Maud et al.
- 1 -Maud Galametz - QUESO2017, Garching - October 2017
Maud Galametz – QUESO2017 Garching
The magnetic structure of 
Class 0 protostars
A.	Maury,	V.	Valdivia,		
J-M	Girart,	R.	Rao,	Q.	Zhang,	…
- 2 -Maud Galametz - QUESO2017, Garching - October 2017
Outline of the talk
Sample, observations, continuum maps
Polarization results
Orientation of the magnetic field
Variation of the polarization fraction
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Our low-mass Class 0 sample
Sources
B335
SVS13
HH797
L1448C
L1448N
L1448-2A
IRAS	03282
L1157
CB230
150 pc 
Perseus
235 pc
Cepheus
250-320 pc
From Maury	et	al.	2011
o Large sample of Class 0 protostars
o Dominated by their enveloppe mass
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Observations
Polarization at the SMA
- 8 antennas 
- Optical path equipped with quarter-wave plates (QWP) 
à convert the linear feed into circular polarization
- 230, 345 and 400 GHz band receivers available
rotation	stage	and	QWP	in	
a	wave plate	positioner
Modes, tuning, resolution
- 2 modes used : - single receiver polarization 
- dual-receiver cross-polarization  
(two receivers tuned simultaneously)
- SMA observations at 0.87 mm or 345GHz
- Compact / subcompact configuration 
à synthesized beam of 4 to 6 arcsec: 600 to 2000 au
Mauna	Kea
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Thermal dust emission at 0.87 mm
1000au 3000au 3000au
3000au 1600au 1600au
2300au 2800au 2300au
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Channel	and	time-average visibilities
What scales are we tracing?
o The visibility-derived fluxes = 1.5 to 2.7 * map-derived fluxes
o Baselines covered:
Amp	Stokes	I Stokes	Q
Stokes	U Polarisation	intensity
L1448N
k! k!
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Solar-type protostars are polarized
o 5-" cut in Stokes I
3-" cut in Stokes Q and U
o Half of the objects show peaks
outside the center
o 2.6 < pfrac < 10.5%  
B335 SVS13 HH797																																						IRAS03282
Menv=	0.9M Menv=	0.7+1.8M Menv=	2.0M Menv=	1.0M
L1448N L1448-2A L1448C
Menv=	3.1M Menv=	0.9M Menv=	1.3M
CB230 L1157
Menv=	3.4M Menv=	0.5-2M
Polarization
is detected in 
all the objects
Maps:	Polarization intensity – Contours:	0.85mm	continuum
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Orientation of the magnetic field
Magnetic field orientation		=		perpendicular to	the	polarization vectors
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o No privileged orientation of the magnetic field lines with outflow direction
o No clear relation between the angle with outflow orientation and pfrac .
Along	the	outflow versus		 Perpendicular	to	the	outflow
Orientation of the magnetic field
pfrac  3% pfrac  3%
fragmented
fragmented
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o How	can	we	explain	the	polarization	holes?
Geometrical	Effects	/	mixing	along	
l.o.s.	/	resolution
Depolarisation	due	to	dampening	of	
radiation	field
Collisional	depolarization	
Low	grain	alignment	efficiency	at	
high	n
Variation	of	the	grain	population
Dependence of pfrac with the column density
Assuming	T	 r	-0.4
Several	possible	explanations
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o Limitations due to the resolution
We only detect the centre of the hourglass shape
observed at 1.3mm (@ 2’’)
SMA	@	850	µm
CARMA	@	1.3	mm
Hourglass	shape	coherent	with	
flux	freezing	during	
gravitational	collapse	
Stephens	et	al.	2013		
Probing the peripheral versus inner B orientation
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Probing the peripheral versus inner B orientation
Planck SCUBA-POL SMA
Very	large	scales Large	scales Intermediate	scales
L1448N
B335
Matthews	et	al.	2009
Poloidal	comp.
1pc 10000au 1700au
SMA	0.87mm Tappered ALMA	1mm
Intermediate	scales Small	scales
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Summary
Polarization is detected in all our Class 0 protostars
2.5 < pfrac < 10% - lower at high densities
No particular orientation of the magnetic field
compared to outflows
How does B regulates the infall
from parsec scales to 100au scales?
Statistical studies, multi-resolution, multi-#…
Comparisons with synthetic observations…
